The RING finger ubiquitin ligase Rnf12/RLIM is encoded by the X-linked gene *Rnf12*^[@R6],[@R7]^ and functions as a sex-specific epigenetic regulator of nurturing tissues in female mice. In mammary glands of pregnant and lactating females, Rnf12/RLIM expressed from the Xp serves survival factor for milk-producing alveolar cells^[@R8],[@R9]^. In contrast, female embryos with a maternal deletion of *Rnf12* in the germline (Δ~m~) display defective *Xist* cloud formation and subsequent Xp silencing during iXCI, and die between embryonic day (E) 5.5 and E10.5 due to a lack of extraembryonic trophoblast tissues in the placenta^[@R5]^. Using an embryonic stem cell (ESC) model, evidence has been provided that Rnf12/RLIM can serve as a dose-dependent activator of XCI. Indeed, the overexpression of Rnf12/RLIM induces ectopic *Xist* clouds in male and female ESCs^[@R4]^, and, in this system, homozygous disruption of *Rnf12* results in a failure to initiate *Xist* transcription during rXCI^[@R3],[@R10]^. Thus, current models of rXCI depict RLIM/Rnf12 as a crucial activator of *Xist*^[@R11],[@R12]^, although some evidence suggests a less important role in mice^[@R5]^.

During mouse development RLIM-encoding mRNA is ubiquitously expressed while its protein expression profile appears more restricted^[@R6],[@R13]^. Thus, to investigate *in vivo* functions of Rnf12/RLIM for rXCI, we first analyzed its protein expression and co-stained early embryos with antibodies against RLIM and the pluripotency factor Oct4 that identifies undifferentiated cells in the inner cell mass (ICM) undergoing rXCI. While RLIM appeared uniformly expressed in cells of E3.5 embryos ([Fig. 1a](#F1){ref-type="fig"}), at E4.5 and E5.5 only low levels were detected in Oct4-positive cells in contrast to extraembryonic cell types ([Fig. 1b, c](#F1){ref-type="fig"}; [Extended Data Fig. 1a](#F5){ref-type="fig"}; not shown). Likewise, at E6.5 and E7-7.5 we detected low levels of RLIM in embryonic epiblast tissues and amnion tissues, whereas levels were high in many extraembryonic tissues, including cells of the ectoplacental cone, extraembryonic ectoderm, and visceral endoderm ([Fig. 1d](#F1){ref-type="fig"}, [Extended Data Fig. 1b](#F5){ref-type="fig"}; not shown). Indeed, due to low levels of RLIM, it was difficult to distinguish *wt* from embryos lacking RLIM in embryonic tissues by immunostaining (Fig. S1b). Although we did not genotype E5.5 embryos for technical reasons, in all ten wt embryos analyzed we detected no/very low levels of RLIM in Oct4-positive nuclei. Moreover, we observed similarly low RLIM levels in genotyped males and female embryos at E4.5 and 7-7.5 of various genetic backgrounds ([Fig. 1](#F1){ref-type="fig"}; [Extended Data Fig. 1](#F5){ref-type="fig"}; not shown). Since rXCI occurs around E5-E5.5 our data suggest that levels of RLIM/Rnf12 are downregulated in mouse epiblast cells before rXCI.

To induce the conditional knockout of *Rnf12* (*cKO*) in female embryos after the occurrence of iXCI but before induction of rXCI, we used *Sox2-Cre* (SC) transgenic mice ^[@R14],[@R15]^, as Sox2 is specifically expressed in embryonic epiblast cells of E3.5 blastocysts ^[@R16]^, and a paternally transmitted *SC* transgene is robustly transcribed in ICM cells of preimplantation blastocysts ^[@R14]^. Indeed, from a *fl/fl x wt/Y-SC* cross, female and male pups with a maternal *cKO* (*cKO~m~*) are born in Mendelian sex ratios, and the percentages of male and female pups carrying a *cKO~m~* were similar ([Fig. 2a](#F2){ref-type="fig"}), confirming normal iXCI. Importantly, female *cKO~m~/*Δ*~p~* pups generated via a *fl/fl x cKO/Y-SC* cross are born at Mendelian ratios ([Fig. 2b](#F2){ref-type="fig"}), and, except for a mammary phenotype, adult *cKO~m~/*Δ*~p~* females appear normal and are fertile (not shown). In genotyping these animals via PCR we detected only the *KO* allele but no longer the *fl* allele ([Fig. 2c](#F2){ref-type="fig"}), and RLIM protein in was undetectable in somatic tissues ([Fig. 2d](#F2){ref-type="fig"}). Moreover, in matings using *cKO/Y-SC* males we never observed the transmission of an unrecombined *fl* allele (not shown). Consistent with published data^[@R14],[@R15]^ these results indicate complete penetrance of the *SC*-mediated *cKO*. Analyzing embryos from *fl/fl* x *wt/Y-SC* crosses the recombination of the *fl* allele was robustly detectable via PCR in blastocysts as early as E3.75 ([Fig. 2e](#F2){ref-type="fig"}), well before initiation of rXCI.

To test whether an essential function of RLIM/Rnf12 in rXCI might be masked by the C57BL/6 mouse background, we generated F1 parents in mixed C57BL/6-SV129 and C57BL/6-FVB F2 hybrid backgrounds suitable for generating *SC*-mediated *cKO~m~* offspring. While numbers of *cKO~m~* F2 pups were slightly underrepresented compared to wt~m~ pups, there was no difference between the numbers of male and female *cKO~m~* pups ([Extended Data Fig. 2a, b](#F6){ref-type="fig"}), indicating that this effect is XCI-independent. Sequencing analyses of *cKO~m~/*Δ*~p~* pups in mixed C57BL/6-SV129 backgrounds using 156 strain-specific SNPs distributed among all chromosomes revealed no general bias towards the C57BL/6 background ([Extended Data Fig. 2c](#F6){ref-type="fig"}). Together with strain-independent low RLIM/Rnf12 protein levels in the embryonic epiblast ([Fig. 1](#F1){ref-type="fig"}; [Extended Data Fig. 1](#F5){ref-type="fig"}) these data indicate that the genetic background has little or no influence on pup numbers.

We next examined XCI via RNA fluorescence in situ hybridization (RNA-FISH) in mouse embryonic fibroblasts (MEFs) isolated from E12.5embryos, co-hybridizing with probes specific for *Xist* ^[@R17]^ and *Rnf12 ^[@R5]^*. As expected, male *wt/Y* MEFs only displayed *Rnf12* transcription foci but no *Xist* clouds ([Fig. 3a](#F3){ref-type="fig"}). In contrast, the majority of female *wt/wt*, *cKO~m~/wt*, *wt/cKO~p~* and *cKO~m~/*Δ*~p~* MEFs displayed monoallelic expression of both genes with *Xist* painting the Xi and foci of *Rnf12* transcription marking the Xa ([Figs. 3a, b](#F3){ref-type="fig"}). XCI in *cKO~m~/*Δ*~p~* MEFs was verified by co-staining cells with antibodies directed against RLIM and H3K27me3, an XCI marker downstream of *Xist* ^[@R18]^ ([Extended Data Fig. 3](#F7){ref-type="fig"}). We observed a similar pattern for primary mammary epithelial cells isolated from 3 month old adult females ([Figs. 3c, d](#F3){ref-type="fig"}, data not shown). We also examined X skewing in MEFs isolated from female embryos with either a maternal or paternal *cKO* allele, using transgenic mice containing an X-linked GFP transgene (XGFP) ^[@R19]^ on the wild type X chromosome. MEFs of both *cKO~m~/XGFP~p~* and *XGFP~m~/cKO~p~* embryos displayed approximately 1:1 ratios of GFP-positive:GFP-negative cells ([Extended Data Fig. 4](#F8){ref-type="fig"}). These results indicate normal rXCI in somatic tissues.

Focusing our analyses on embryonic stages E5.5-E7.5, when rXCI occurs *in vivo* ^[@R1],[@R2]^, we dissected epiblast tissue of E6-6.5 *wt/wt* and *cKO~m~/*Δ*~p~* embryos and measured mRNA levels of *Rnf12* and *Xist* by RT-qPCR. While levels of *Rnf12* were greatly diminished in *cKO~m~/*Δ*~p~* embryos, those of *Xist* were only slightly reduced ([Fig. 4a](#F4){ref-type="fig"}). The residual levels of *Rnf12* in *cKO~m~/*Δ*~p~* embryos are likely due to minor amounts of contaminating extraembryonic tissue in epiblast dissections. Consistent with the kinetics of developing H3K27me3 marks on the Xi ^[@R18]^, we first detected H3K27me3 foci in *wt/wt* embryonic tissues at stages E7-E7.5 but not earlier post-implantation embryos ([Fig. 4b](#F4){ref-type="fig"}; not shown). These signals were indistinguishable from those of E7-7.5 *cKO~m~/*Δ*~p~* embryos, indicating similar XCI kinetics in the absence of RLIM. Moreover, *cKO~m~/*Δ*~p~* and *wt/wt* embryos were similar in size, and in immunostainings using antibodies directed against cleaved caspase 3, no increase in cells undergoing apoptosis were detected in *cKO~m~/*Δ*~p~* embryos (data not shown). To obtain definitive evidence that rXCI does not require the presence of Rnf12/RLIM in cells, we performed tetraploid complementation assays in which tetraploid *wt/wt* embryos were aggregated with low passage *Rnf12* Δ/Δ (IB8 or IB11), and control *fl~m~/*Δ*~p~* (IB6) or male Δ*~m~/Y* ES cells (and IB13), freshly isolated from blastocysts. These ESC lines were generated by a *fl~m~/*Δ*~p~* x Δ*/Y-SC* cross, and are capable of developing H3K27me3 foci upon differentiation in culture indicating XCI ([Extended Data Fig. 5a, b](#F9){ref-type="fig"}). In tetraploid injections the development of embryos derived from Δ/Δ ES cells was indistinguishable from control ESCs at E9-9.5 ([Fig. 4c](#F4){ref-type="fig"}) and no significant differences in complementation efficiencies between these ES cell lines were detected (Fig. S5c). Examining rXCI in MEFS isolated from E10.5 embryos generated from Δ/Δ IB11 cells revealed that more than 75% of Δ/Δ MEFS developed H3K27me3 foci and *Xist* clouds ([Fig. 4d](#F4){ref-type="fig"}, [Extended Data Figs. 5d, e](#F9){ref-type="fig"}). Combined with the presence of a single *Rnf12* transcription focus in cells indicated that ES cells lacking RLIM are capable of undergoing XCI *in vivo*. Together, our results provide strong evidence that Rnf12/RLIM is dispensable for rXCI in mice. Moreover, because maternal *Rnf12* is crucial for iXCI and the Δ/Δ ES line IB11 is SC-negative ([Extended Data Fig. 5a](#F9){ref-type="fig"}) therefore containing maternal and paternal Δ alleles, these data suggest that the process of iXCI is not required in pre-implantation embryos for the epiblast precursor cell lineage that will give rise to the embryo proper.

Clearly, Rnf12/RLIM can serve as an activator of *Xist* in some systems ^[@R3]-[@R5],[@R10]^. The fact that in *cKO~m~/*Δ*~p~* embryos, *Xist* levels are only mildly affected and H3K27me3 signals are established with kinetics similar to *wt/wt* ([Figs. 4a, b](#F4){ref-type="fig"}) combined with the finding that RLIM levels are down-regulated in wt embryos ([Fig. 1](#F1){ref-type="fig"}, [Extended Data Fig. 1](#F5){ref-type="fig"}), suggests that in female mouse embryos, an RLIM-independent mechanism is used to activate/upregulate *Xist* transcription during rXCI. This is further underscored by our results that E4.5 blastocyst stage female embryos with a maternal and paternal germline *Rnf12* KO (Δ/Δ) can develop *Xist* clouds ^[@R5]^. Because rXCI occurred with low frequency in the *Rnf12* KO ESC system ^[@R3]^, it appears likely that two independent mechanisms for *Xist* activation exist in mouse: one that is independent of RLIM and may be inactive/downregulated in certain ESC systems in culture, and another that is RLIM-dependent. Such a model is consistent with the presence of *Xist* activators other than RLIM/Rnf12, such as Jpx RNA ^[@R20],[@R21]^, and would explain why RLIM is necessary for XCI in specific ESCs but not in embryos. A similar case, where ESC systems do not accurately reflect the *in vivo* situation, has been reported for Nanog: while Nanog is required for maintenance of pluripotency in the mouse epiblast ^[@R22]^, it is dispensable for somatic pluripotency in ESCs ^[@R23]^. Moreover, a specific down-regulation of Rnf12/RLIM in mice may also provide an explanation for reported differences of its embryonic functions, as phenotypes in morphogenesis upon *Rnf12* mutation have been observed in zebrafish ^[@R24]^ but not in mice ^[@R5]^.

Our results suggest important functions of parental germline imprinting on RLIM/Rnf12 expression and the rXCI process. In addition, differences in *Rnf12* mutant alleles may exert some effect on the discrepancies reported as from the *Rnf12* KO locus a protein containing 83 amino acids is predicted to be expressed in mice ^[@R5]^ compared to 340 amino acids in the ESC system^[@R3],[@R4]^. Thus, we cannot exclude the possibility that truncated RLIM produced from the respective *Rnf12* KO loci may differentially influence the rXCI process. In summary, while there is no doubt about the crucial function of *Rnf12* for *Xist* function during iXCI, we propose that *Rnf12* is dispensable for rXCI in mice.

Methods Summary {#S1}
===============

To investigate functions of RLIM/Rnf12 during rXCI, the mouse conditional *Rnf12* KO ^[@R5]^ was targeted to the inner cell mass in preimplantation blastocysts using a paternally transmitted *Sox2-Cre* transgene ^[@R14],[@R15]^ as driver. Analyses of cells and embryos at pre- and post-implantation stages was carried out as described previously using RNA FISH ^[@R25]^, immunological staining methods ^[@R5],[@R26]^, Western blotting ^[@R27]^ and RT-qPCR ^[@R5]^. *Rnf12* Δ/Δ ES cell lines were newly generated ^[@R28]^ and used for tetraploid injections. MEFs were prepared as described ^[@R29]^.

Methods {#S2}
=======

Mice {#S3}
----

Mice used in this study and genotyping have been described *Rnf12 fl/fl* ^[@R5]^, *Sox2-Cre* ^[@R14]^, *GFPX* ^[@R19]^, *Sox2-Cre*, *GFPX*, *wt* SV129, and FVB mice were purchased from the Jackson Laboratories. *Rnf12* mice were generally bred in a congenic C57BL/6 background. However, to examine background effects on XCI, the floxed *Rnf12* and *Sox2-Cre* alleles were introduced into C57BL6/SV129 and C57BL6/FVB hybrid backgrounds. The extent of C57BL/6 vs SV129 background of hybrid F2 *cKOm/*Δ*p* newborn females was determined on genomic DNA using the Genome Scanning Services provided by The Jackson Laboratories. All mice were housed in the animal facility of UMMS according to NIH guidelines, established by the Institute of Animal Care and Usage Committee.

Generation of ES cells and Tetraploid Injection experiments {#S4}
-----------------------------------------------------------

ES cell lines *Rnf12* Δ/Δ (IB8 and IB11), *fl~m~/*Δ*~p~* (IB6), and Δ*/Y* (IB13) were generated as described ^[@R28]^. Briefly, E3.5 blastocyst-stage embryos from a *fl~m~/*Δ*~p~* x Δ*/Y-Sox2-Cre* cross were recovered and cultured onto mitotically-inactivated SNL-76 feeder cells in DMEM plus antibiotics and 15% FBS supplemented with β--mercaptoethanol, non-essential amino acids, and nucleosides. Five days after hatching and expansion, each blastocyst culture was rinsed with phosphate-buffered saline and the inner cell mass collected by manual pipetting and placed into trypsin. Following disaggregation, the cells were plated into an individual well of a 96-well feeder dish and expanded appropriately for genotyping and freezing. ES cells were scored by genotyping and further expanded for mycoplasma testing, ability to undergo XCI and for use in tetraploid injection experiments.

For tetraploid complementation, ES cells were microinjected into 8-cell stage embryos that had undergone tetraploid fusion at the two-cell stage using a CF-150B Electrofusion Instrument (BLS Laboratory, Budapest Hungary). ES cells were harvested from feeder cell layers, rinsed, and placed into DMEM plus 20% fetal bovine serum. Approximately 8-10 ES cells were microinjected into the tetraploid-fused embryos, and the injected embryos then surgically placed into the oviducts of pseudo-pregnant female (E0.5) mice. The recipient female mice were sacrificed nine days later, and embryos were recovered and assessed for proper embryonic development and formation of structures derived from the three germ cell layers prior to genotyping. Mouse embryonic fibroblasts were prepared as described ^[@R29]^.

Preparation of embryos and RT-qPCR {#S5}
----------------------------------

Apart from embryos generated via tetraploid injection, all blastocysts and embryos were generated by naturally mating 8-14-week-old female mice with males. Embryos were collected at stages E3.5 to E12.5 for further processing. Genotyping of embryos was carried out as described ^[@R5]^. Analyses of dissected epiblast tissues of E6.5 embryos via RT-qPCR including primer sequences have previously been described ^[@R5]^. Values obtained from 3 independent biological samples were normalized against actin and Standard Deviation was calculated.

Blastocyst outgrowths and culturing of primary mammary cells {#S6}
------------------------------------------------------------

Blastocysts were obtained at E4.5 and cultured for 24h prior to immunocytochemical stainings as described ^[@R5]^. Embryos were genotyped after image recording. Primary mammary epithelial cells were isolated from adult virgin female mice (12 weeks), cultured as described ^[@R8]^ and then processed for RNA FISH or immunostainings.

RNA fluorescence in situ hybridization (RNA FISH) {#S7}
-------------------------------------------------

RNA FISH experiments on MEFs and primary mammary epithelial cells were performed as described previously ^[@R5],[@R8]^. For the synthesis of specific *Xist* probes, we used plasmids containing mouse *Xist* exon 1 and 6 that recognize *Xist* and *Tsix* ^[@R17]^. For the *Rnf12* probe, we used a plasmid containing genomic *Rnf12* sequences upstream of the KO site that detects specific *Rnf12* mRNAs transcribed from both wild type and KO alleles ^[@R5]^.

Antibodies and Western blots {#S8}
----------------------------

Primary antibodies used for immunostainings were rabbit RLIM ^[@R7]^, guinea pig RLIM ^[@R13]^, Oct4 (Santa Cruz, sc5279, Abcam, ab27985), H3K27me3 (Abcam, ab6002, Millipore, 07-447), GFP (Rockland, 600-101-215), cleaved Caspase 3 (Cell signaling, 5A1E) and Actin (Sigma, A 4700). Secondary antibodies were Alexa Fluor® 488 Donkey Anti-Rabbit IgG (Invitrogen, A21206), Alexa Fluor® 488 Goat Anti-mouse IgG (Invitrogen, A11029), Alexa Fluor® 546 Goat Anti-Guinea Pig IgG (Invitrogen A11074), Alexa Fluor® 568 Goat Anti-Rabbit IgG (Invitrogen, A11011). Western blots were carried out as reported ^[@R27]^.

Immunohistochemistry {#S9}
--------------------

Immunohistochemical staining of embryonic sections was carried out essentially as described ^[@R26]^. After dissection and removal of the ectoplacental cone for genotyping, embryos were gently placed into a small section of uterus, in order to facilitate the embedding protocol and maintain orientation for sectioning. Embryos/uteri were fixed for histology in 4% paraformaldehyde (PFA) for 2 hours at room temp or overnight at 4C. Embryos in uteri were dehydrated in methanol washes; 20 minutes at 25%, 50%, 75% methanol in phosphate buffered saline/0.01% tween20 (PBT), followed by two 100% methanol washes. After overnight incubation in 100% Xylenes, embryos were incubated 2 hours in molten paraffin, prior to embedding and sectioning ^[@R26]^. Sections were mounted and dried on superfrost plus slides. Wax was removed via three 10-minute xylene washes and rehydrated with three 5-minute washes in 100% ethanol, followed successive washes in 90%, 80%, 70% ethanol and finally water (1 min each). Antigen retrieval consisted of boiling for 5 minutes in 0.01M Tris Base pH 10.0 with 0.05% Tween20. After cooling to room temperature slides were washed twice in PBT for 2 minutes prior to blocking with 0.5% milk in PBT (2h at room temperature) in a humidified chamber. Primary antibodies were incubated in 0.05% milk/PBT overnight at 4C. Three 15-minute PBT washes were done before 1-hour secondary antibody incubation (also in 0.05% milk/PBT) in a humid chamber at room temperature. Slides were washed twice in PBT for 15 minutes and once in PBS. Nuclei were stained using DAPI (Roche or Molecular Probes) 1:10,000 in PBS for 2 minutes and rinsed once with PBS. Prolong Gold (Invitrogen) was used to seal and coverslip the slides. Images of sectioned embryos were taken with a Nikon Eclipse TE2000-S inverted fluorescence microscope and QImaging Retiga Exi Fast 1394 camera using NIS-Elements BR Software.

Extended Data {#S10}
=============

![Strain-independent downregulation of RLIM in the mouse embryonic epiblast. **a)** Test of specificity of the RLIM antibody (compare with [Fig. 1b](#F1){ref-type="fig"}). Shown is an E4.5 Δ/Y blastocyst outgrowth stained with RLIM (red). Increasing the general signal levels (RLIM') reveals augmented unspecific staining mainly in the cytoplasm of cells. **b)** Co-stainings of sections of E7-7.5 embryos within placental tissues using antibodies directed against RLIM (red) and H3K27me3 (green). Representative C57BL/6 and SV129 embryos are shown (n = out of at least 3 that were stained. Scale bars = 75μm.](nihms-579961-f0005){#F5}

![Little or no influence of the genetic background on Rnf12/RLIM dispensability during rXCI. **a, b)** C57BL/6-SV129 (A) and C57BL/6-FVB (B) hybrid F1 parents were generated by crossings of *fl/Y* (C57BL/6) males with *wt/wt* (SV129 or FVB) females and *wt/Y* (SV129 or FVB) males with *cKO/*Δ-*SC* (C57BL/6) females. F1 *wt/fl* females and *cKO/Y-SC* males were then backcrossed to generate F2 *cKO~m~* offsprings. Percentages of offsprings (grouped in female and male) and their genotypes with respect to *Rnf12* and *SC* are indicated in the abscissa and ordinate, respectively, and the total number (n) of born and genotyped F2 pups is shown. Maternally transmitted *cKO* alleles are indicated in black**. c)** No discrimination against SV129 in born *cKO~m~/*Δ*~p~* pups with a mixed C57BL/6-SV129 background. Sequencing analyses of genomic DNA isolated from 8 hybrid *cKO~m~/*Δ*~p~* pups using 156 strain-specific SNPs distributed among all chromosomes (blue/red) or 10 SNPs distributed on the X chromosome (green/orange). Note SV129 contribution in born *cKO~m~/*Δ*~p~* pups of up to 70% (total) and 80% (on the X).](nihms-579961-f0006){#F6}

![Co-stainings of MEFs isolated from *cKO~m~/*Δ*~p~* and *wt/wt* embryos using antibodies directed against H3K27me3 (green) and RLIM (red). **a)** Representative images are shown. **b)** Summary graph of cells displaying H3K27me3 foci is shown on the right. Numbers of counted cells from independent biological duplicates are 111/112 (wt/wt) and 110/104 (cKO~m~/Δ~p~).](nihms-579961-f0007){#F7}

![Random XCI in female mice heterozygous for the *Sox2-Cre*-mediated deletion of *Rnf12*. Female mice were generated carrying either a paternal or maternal *Rnf12* deletion and a GFP transgene on the other X chromosome (XGFP). Mating schemes to generate these females are indicated. Female littermates without the *Sox2-Cre* transgene were used as controls. Numbers of cells counted from independent biological duplicates are indicated.](nihms-579961-f0008){#F8}

![Female ES cells lacking RLIM/Rnf12 are able to undergo rXCI in vivo. **a)** Parental cross used for the generation of ES cell lines is indicated on top. Newly generated ES cell lines were genotyped via PCR for the presence of wt, floxed or KO *Rnf12* alleles, as well as Cre driver (*SC*) and Y chromosome (*Zfy2*). **b)** Newly isolated female ES cells were differentiated for 5 days in culture and stained with the H3K27me3 antibody. **c)** Summary of the tetraploid complementation assays showing the injected ES cell lines, genotypes, number of deciduas and embryos obtained (see also [Fig. 4c](#F4){ref-type="fig"}). All embryos generated via tetraploid complementation were genotyped for the presence of wt, fl and KO *Rnf12* alleles as well as *Zfy2*. **d)** Left panel: MEFs isolated from an E10.5 embryo generated via tetraploid injection of Δ/Δ line IB11 ES cells were cultured for 24h prior to staining with antibodies against H3K27me3. Right panel: Summary of H3K27me3 stainings Numbers of counted cells from independent biological duplicates are 60/62 (wt/wt) and 78/75 (cKO~m~/Δ~p~). **e)** Summary of RNA FISH experiments on MEFs isolated from embryos generated via tetraploid injection of Δ/Δ line IB11 ES cells (n=109) (see [Fig. 4d](#F4){ref-type="fig"}). MEFs isolated from wt/wt embryos (n=106) served as control.](nihms-579961-f0009){#F9}
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![Down-regulation of RLIM levels in early embryonic tissues before and after implantation. **a, b)** Co-stainings of whole wt/wt pre-implantation embryos at E3.5 (a) and E4.5 (b) (n=5 and 8, respectively) using antibodies against RLIM (red) and Oct4 (green). Embryos were first photographed and then processed for genotyping. **c)** Co-stainings of sections of wt E5.5 post-implantation embryos (arrow; n=10) within placental tissues. Note lack of RLIM staining (red) in nuclei of Oct4-positive cells (green). **d)** Co-stainings of sections of wt/wt E7-7.5 embryos (n=5) within placental tissues using antibodies against RLIM (red) and H3K27me3 (green). Boxed regions are shown in lower panels. d1: ectoplacental cone region, d2: amnion region and d3: embryonic epiblast region. Note low RLIM staining intensity in cells in the amnion and epiblast regions. Scale bars = 30μm (c) and 75μm (d).](nihms-579961-f0001){#F1}

![*Rnf12* is dispensable at post-implantation stages in female mice. **a, b)** Schematic diagram showing parental genotypes, the total number (n) of born and genotyped F1 offsprings. Number, gender and genotypes of offsprings are indicated. m (maternal) and p (paternal) indicate the origin of the floxed *Rnf12* allele. Maternally transmitted *cKO* alleles are indicated in red. **c)** High penetrance of the *SC*-mediated *cKO* in somatic tissues. PCR analysis of genomic DNA isolated from tail tissue samples using primer combinations that detect floxed and KO *Rnf12* alleles. Parental genotypes are indicated. **d)** Lack of RLIM in somatic tissues of adult *cKO~m~/*Δ*~p~* females in Western blots hybridized with RLIM antibodies. **e)** Recombination via paternally transmitted Sox2-Cre occurs in pre-implantation embryos. PCR genotyping of E3.75 blastocysts using primers that detect wt and KO *Rnf12* alleles. Parental genotypes are indicated.](nihms-579961-f0002){#F2}

![Detection of *Xist* clouds in somatic tissues of *cKO~m~/*Δ*~p~* females. RNA FISH analysis using *Xist* (red) and *Rnf12* (green) as probes. **a)** RNA FISH analysis on mouse embryonic fibroblasts (MEFs) isolated from *wt/Y*, *wt/wt-SC*, *cKO~m~/wt*, *wt/cKO~p~* and *cKO~m~/*Δ*~p~* embryos at E12.5. Representative images are shown. **b)** Summary graph of RNA FISH experiments on MEFs. Numbers of counted cells from independent biological duplicates are 51/53 (*wt/wt-SC*); 79/88 (*cKO~m~/*Δ*~p~*); 101/83 (*cKO~m~/wt*,); 75/77 (*wt/cKO~p~*). **c)** RNA FISH analysis on primary mammary epithelial cells isolated from virgin *cKO~m~/*Δ*~p~* adult females and *wt/wt*, as control. **d)** Summary graph of RNA FISH experiments. Numbers of counted cells from independent biological duplicates are 103/108 (*wt/wt-SC*); 102/121 (*cKO~m~/*Δ*~p~*).](nihms-579961-f0003){#F3}

![Normal kinetics of XCI in female mouse embryos lacking RLIM/Rnf12. **a)** RT-qPCR analysis on RNA preparations prepared from epiblast disections of E6-6.5 *cKO~m~/*Δ*~p~* embryos examining expression of *Rnf12* and *Xist*. Values from 3 independent experiments were normalized against actin and are shown relative to *wt/wt* control. Error bars represent s.d. **b)** Immunohistochemical analysis of embryos sections at E7-7.5 using antibodies directed against H3K27me3. Sections of *wt/Y*, *wt/wt* and *cKO~m~/*Δ*~p~* embryos within placental tissues are shown. Scale bar = 75μm. Images show a representative embryo of at least 3 obtained from independent matings. **c**) Tetraploid complementation assay using wt/wt blastocysts complemented with low passage Δ/Δ and, as control, with Δ/Y and fl/Δ ES cells. Embryos were harvested at E9-9.5 and image was recorded prior to genotyping. Scale bars = 0.3 mm. **d)**Δ/Δ ES cells are able to undergo XCI *in vivo*. RNA FISH experiments on MEFs isolated from E10.5 embryos generated via tetraploid complementation using Δ/Δ ES line IB11 reveals monoallelic expression of both *Xist* (green) and *Rnf12* (red).](nihms-579961-f0004){#F4}
